Aberrant activation of hepatocyte growth factor/scatter factor (HGF/SF) and its receptor, Met, is involved in the development and progression of many human cancers. In the cell-based screening assay, (-)epigallocatechin-3-gallate (EGCG) inhibited HGF/SF-Met signaling as indicated by its inhibitory activity on HGF/SF-induced cell scattering and uPA activation (IC50 = 15.8 μ g/ml). Further analysis revealed that EGCG at low doses specifically inhibited HGF/SF-induced tyrosine phosphorylation of Met but not epidermal growth factor (EGF)-induced phosphorylation of EGF receptor (EGFR). On the other hand, high-dose EGCG decreased both Met and EGFR proteins. We also found that EGCG did not act on the intracellular portion of Met receptor tyrosine kinase, i. 
Introduction
The c-met protooncogene encodes a transmembrane glycoprotein, Met tyrosine kinase receptor (Naldini et al., 1991; Park et al., 1999) , and the ligand for Met is hepatocyte growth factor, also known as scatter factor (HGF/SF) (Bottaro et al., 1991) . Both Met and HGF/SF are expressed in various tissues and signaling via this receptor-ligand pair affects a variety of biological activities, including cell growth (Nakamura et al., 1986) , cellular motility (Stoker et al., 1987) , angiogenesis (Bussolino et al., 1992) , and morphogenesis (Tsarfaty et al., 1992) .
In addition, aberrant signaling driven by inappropriate activation of Met is frequently observed in human cancers and has been suggested to play a critical role in human tumorigenesis and metastasis (Jeffers et al., 1996) . Most cases of Met activation in cancer have been reported to occur through liganddependent autocrine or paracrine mechanisms. For instance, osteosarcomas and glioblastoma multiforme express both Met and HGF/SF, which results in Met activation in an autocrine manner. In many types of carcinoma, such as breast, gastric and colorectal cancers, overexpression of Met or HGF/SF predominates, resulting in the activation of HGF/SF-Met signaling in a paracrine manner (Jeffers et al., 1996; Birchmeier et al., 1997) . Recently, the finding of activating mutants of Met in several human cancers such as renal papillary cancer (Schmidt et al., 1997) , early-onset hepatoma (Park et al., 1999) and gastric adenocarcinoma (Lee et al., 2000) pro- were applied to the system in triplicate for 24 h. uPA activity was measured by colorimetry, and the protein amount was measured using SRB assay. Values are either the absorbance at 405nm (for plasmin activity) or the percent of vehicle control (for SRB assay). *denotes statistical significance (P ＜ 0.05) compared to vehicle control. (B) The IC50 value for EGCG was 15.8 μg/ml. Plasmin assay was performed and the data were normalized to the SRB assay. The percent of vehicle control was plotted, and the IC50 value was calculated. (C). EGCG inhibited HGF-induced cell scattering. The cells in the plasmin assay were observed under the phase-contrast microscope. Note the inhibitory activity of EGCG against HGF-mediated MDCK2 cell scattering.
vides clear evidence implicating a causative role for Met in human carcinogenesis. Furthermore, HGF/SF-Met signaling has been reported to participate in tumor progression (Jiang et al., 2005) .
Therefore, molecules that inhibit Met and/or HGF/SF may interfere with molecular causes of cancer formation and/or progression (Michieli et al., 2004) . In this regard, many efforts have been directed toward the development of inhibitors of HGF/SF and Met (Michieli et al., 2004) . Herbal extracts are promising starting materials in the search for effective molecules. For example, polyphenols derived from green tea are effective chemopreventive agents. (-)-Epigallocatechin-3-gallate (EGCG) is the major bioactive polyphenol in green tea. It possesses anti-oxidant, anti-mutagenic, anti-proteolytic, and anti-proliferative activity (Sah et al., 2004) . Interestingly, EGCG has been reported to inhibit EGF-dependent signaling (Sah et al., 2004) and platelet-derived growth factor signaling Sakata et al., 2004; Weber et al., 2004) , as well as VEGF-dependent signaling (Lamy et al., 2002; Lee et al., 2004) .
In the present study, we demonstrate that EGCG inhibits HGF/SF-Met signaling by decreasing the amount of tyrosine phosphorylation, probably by acting on the extracellular and/or transmembrane portions of Met receptor tyrosine kinase. This inhibition decreases HGF-induced migration and invasion both in vitro and in vivo, suggesting the possible use of EGCG in human cancers with dysregulated HGF/SF-Met signaling.
Results

EGCG inhibdite the HGF/SF-Met-uPA-Plasmin proteolytic network and HGF/SF-induced cell scattering
While searching an herbal extract library obtained from Plant Extract Bank (Daejon, Korea) for a small molecule inhibitor of HGF/SF-Met signaling, we observed that the water extract of green tea 6 cells/100 mm plate in complete medium for 18 h, and then incubated in DMEM containing 0.5% FBS for 24 h. EGCG was added to the media 2 h before the addition of HGF/SF (100 units/ml). Eight minutes after the treatment, cells were harvested, and the lysates were subjected to immunoprecipitation by anti-Met antibody followed by western blotting using anti-phosphotyrosine antibody (upper panel) and anti-Met antibody (lower panel). (B) The amount of Met protein decreased with high-dose EGCG. Cell lysates obtained as in (A) were subjected to SDS-PAGE, followed by western blotting using anti-Met antibody (upper panel). Actin was measured as a loading control. (C) Effect of EGCG on EGFR signaling. Cell lysates obtained as in (A) after treatment with EGF were subjected to immunoprecipitation by anti-EGFR antibody followed by western blotting using anti-phosphotyrosine antibody (upper panel) and anti-EGFR antibody (lower panel).
efficiently blocked the HGF/SF-induced activation of uPA ( Figure 1A , left panel). Since EGCG is the major known bioactive polyphenol in green tea, we investigated whether EGCG inhibited HGF/Met signaling. Indeed, EGCG inhibited HGF/SF-dependent plasmin activation in a dose-dependent manner, whereas it displayed only minimal cytotoxicity at concentrations at which significant inhibition of HGF-mediated plasmin activation was apparent ( Figure 1A , right panel). The IC 50 value for EGCG was 15.8 μg/ml ( Figure 1B ). During the plasmin assay, we clearly observed potent inhibitory activity by EGCG in HGF/SF-mediated MDCK2 cell scattering ( Figure 1C ). Since scattering of MDCK2 cells is not dependent on the uPA-plasmin, the inhibition of HGF/SF-mediated scattering by EGCG suggests that EGCG acts at the HGF/SF-Met level but not at the uPA-plasmin level of signaling.
Inhibition by EGCG stemmed from its action on Met phosphorylation and Met expression
We used human Chang liver cells to investigate whether EGCG influences the tyrosine phosphorylation of Met protein because canine Met protein in MDCK2 cells was not clearly detected with available antibodies. The phosphorylation of tyrosine residues in Met by HGF/SF was inhibited by EGCG at concentration as low as 1 μg/ml, which was quite evident at a concentration of 5 μg/ml ( Figure  2A ). In contrast, the level of EGF-induced tyrosine phosphorylation of EGFR remained relatively unchanged by EGCG administration up to 5 μg/ml ( Figure 2C ), suggesting the decreased tyrosine phosphorylation with EGCG was specific for HGF/SF-Met signaling. Notably, the amount of both Met protein and EGFR (Figure 2A , C) decreased with 25 μg/ml EGCG but not at lower concentrations as shown by both immunoprecipitationwestern analysis ( Figure 2A ) and simple western analysis ( Figure 2B ). Thus dual mechanisms seem to be involved in EGCG inhibition of HGF/ SF-Met signaling, i.e., Met-specific inhibition of tyrosine phosphorylation at low dose and nonspecific inhibition of protein expression at high dose.
EGCG did not act on the intracellular part of Met
To more precisely understand the mode of action of EGCG on HGF/SF-Met signaling, we used InlB, the only known ligand of Met other than HGF/SF (Shen et al., 2000) . We checked whether EGCG could inhibit InlB-induced Met activation. As shown in Figure 3A , EGCG clearly inhibited InlB-induced tyrosine phosphorylation of Met. Since HGF/SF and InlB bind to different portions of Met (Shen et al., 2000) , these results suggest that EGCG acts on Met receptor itself rather than on the binding of HGF/SF and Met. Trk-Met is a hybrid receptor that consists of the extracellular part of Trk, the NGF receptor, and the intracellular part of Met (Sachs et al., 1996) . Trk-Met receptor is activated by NGF, but not by HGF/SF, and its signaling resembles that of Met receptor kinase, but not of Trk. To determine whether the intracellular or extracellular part of Met is the target of EGCG, we investigated whether EGCG could inhibit NGF-induced Trk-Met activation. Since we failed to immunoprecipitate Trk-Met protein due to the unavailability of suitable antibody, we examined downstream of Trk-Met signaling, the Erk phosphorylation. As shown in Figure 3B , EGCG did not abolish the downstream ERK phosphorylation at the dose (5 μg/ml) that effectively blocked the activities of both HGF/SF and InlB. However, at higher doses, a non-specific decrease in protein expression was observed (data not shown). This Transwell filters were coated with Matrigel (20 μg/filter) before the application of cells at a density of 20,000 cells/filter. EGCG was added at the indicated concentrations in both the upper and lower chambers 2 h before the addition of HGF (50 units/ml) to both chambers. After 48 h, filters were processed as described in Materials and Methods. Invading cells were counted under light microscope. Cell proliferation rate under the same conditions was measured and used to correct the invading cell number as follows: corrected cell number = number of cells counted/relative ratio of cell population compared to that without EGCG.
observation, along with the ineffectiveness of EGCG against endogenous NGF receptor signaling (data not shown), strongly suggests that EGCG does not act on the intracellular part of Trk-Met, i.e., the intracellular part of Met.
EGCG inhibited HGF/SF-mediated in vitro cell motility and invasion
Since dysregulated HGF/SF-Met signaling is one of the principal changes not only in tumorigenesis but also in tumor progression, we tested the ability of EGCG to inhibit HGF/SF-mediated motility and invasion in vitro. In order to take advantage of the syngeneic property of the tumor cells for later in vivo assays, we performed each assay with C57BL/6 mouse-derived B16F10 melanoma cells. The HGF/SF-Met signaling in B16F10 melanoma cells was also inhibited by EGCG (Supplementary Figure S1 ). As shown in Figure 4A , HGF/SFinduced migration of the cells in the "scratch wound assay" was clearly abolished by EGCG in a dosedependent manner. We used HGF/SF at a concentration of 50 units/ml, which was much higher than that used in the uPA assay, and found that EGCG still effectively inhibited HGF/SF activity. The effect of EGCG on cell proliferation was negligible both with and without HGF/SF (Supplementary Figure S2A ). We also tested the ability of EGCG to inhibit HGF/SF-mediated invasion of B16F10 melanoma cells across Matrigel-coated 8-μm pore filters (Fig. 4B) . EGCG inhibited HGF/ SFmediated invasion of B16F10 cells at concentrations as low as 1 μg/ml in a dose-dependent manner. Although EGCG inhibited the proliferation of B16F10 melanoma cells irrespective of the presence of HGF under serum-free experimental conditions (Supplementary Figure S2B) , when the invading cell number was corrected for the cell proliferation rate as shown in Figure 4B , the inhibitory activity of EGCG was still evident. These data demonstrate that EGCG is a potent inhibitor of HGF/SF-mediated cell motility and invasion in vitro.
HGF/SF-secreting B16F10 cells were highly metastatic
To obtain constitutive stimulation by HGF/SF for a long-term in vivo assay, B16F10 cells were trans- Figure  5B ). As expected, the conditioned medium of C2 cells induced more MDCK cell scattering than HGF/SF (2.5 units/ml), whereas the conditioned medium of parental B16F10 cells induced negligible scattering as shown in Figure 5A . As shown in Figure 5B , C2 cells showed higher invasion through Matrigel-coated filter than HGF-treated parental B16F10 cells, indicative of their highly invasive and metastatic properties. Indeed, C2 cells revealed higher metastatic ability than parental B16F10 cells in tail vein metastasis assays performed in syngeneic C57BL6 mice (Supplementary Table 1 ).
EGCG inhibited metastasis of autocrine C2 cells in vivo
To assess whether autocrine HGF/SF-Met signaling was also abolished by EGCG, in vitro migration and invasion assays were performed using C2 cells and different concentrations of EGCG. As shown in Figure 6A , migration of C2 cells in a "scratch wound" assay was inhibited by EGCG in a dose-dependent manner. Similarly, invasion of C2 cells through Matrigel-coated membrane was also dose-dependently inhibited by EGCG after correcting for cell number ( Figure 6B) , showing that EGCG also works in cells with Met signaling activated in autocrine manner. Syngeneic C5BL6 mice were used for in vivo tumorigenesis and spontaneous metastasis assays. Interestingly, as shown in Table 1 , EGCG significantly blocked invasion or metastasis while it blocked tumor formation considerably but not statistically significantly in the subcutaneous inoculation model. These in vivo data were consistent with the in vitro data that the anti-migration/anti-invasive activity of EGCG was relatively stronger than its anti-proliferative activity. In addition, it is possible that the observed anti-metastatic activity of EGCG partly stemmed from its anti-proliferative effect in vivo. These data demonstrate that EGCG is a potent inhibitor of invasion and metastasis of cells with constitutively activated HGF/SF-Met signaling in an autocrine manner; such cells are frequently encountered in clinical situations such as osteosarcoma and glioblastoma multiforme.
Taken together, our data demonstrate that EGCG inhibits HGF/SF-Met signaling through its effect on either the extracellular or transmembrane portion of Met and that this inhibition is applicable to both autocrine and paracrine activation of HGF/ SF-Met signaling, which leads to inhibition of HGF/ SF-induced cancer cell migration and invasion both in vitro and in vivo. 
Discussion
Activation of HGF/SF-Met signaling has been observed in a variety of human cancers. Various approaches to inhibit HGF/SF-Met signaling in experimental systems have included neutralizing anti-HGF/SF monoclonal antibodies (Cao et al., 2001) , ribozyme against HGF/SF or Met (Abounader et al., 1999 (Abounader et al., , 2002 , and HGF/SF variants that inhibit the binding of HGF/SF to Met (Guerin et al., 2000; Brockmann et al., 2003) . In addition, there have been attempts to inhibit the tyrosine kinase activity of Met with small molecule inhibitors selected from chemical libraries Sattler et al., 2003; Wang et al., 2004) . However, small molecule inhibitors from chemical libraries have their own limitations in that there are possible unpredictable toxicity problems (Michieli et al., 2004) . As one of the possible ways to by-pass the toxicity problems, we focused on extracts from edible plants and the known small molecules found in them. Through the use of uPA-plasmin assay, we found that EGCG, a well-known major bioactive polyphenol in green tea, had a significant inhibitory effect on HGF/ SF-Met signaling. EGCG has been well documented for its potential use in treating human diseases, and many pre-clinical and some clinical studies have already been performed. Moyers and Kumar have reviewed those trials and concluded that the preclinical research was promising and EGCG should be further studied in phase II and III trials (Moyers and Kumar, 2004) . Thus, EGCG may be readily applicable to phase II clinical trial once its new activity like the one described here is confirmed.
There are basically three known modes of activation of HGF/SF-Met signaling in human cancer (Liu et al., 2008) . Autocrine activation is frequently observed in sarcomas, paracrine activation is usually observed in carcinomas, and the constitutively activating mutation of Met is found in a small number of carcinomas such as renal papillary cancer and early-onset hepatocellular carcinoma. Since EGCG inhibits both autocrine and paracrine activation of HGF/SF-Met signaling, we further addressed whether it was effective against the activating Met mutant in the absence of ligand. In the case of the activating mutant of Met, decreased protein levels at high concentrations of EGCG, but not decreased phosphotyrosine levels at low concentrations of EGCG, were observed (data not shown). Therefore, EGCG seems to be effective against two of the three modes of HGF/SF-Met activation, strongly suggesting its broad applicability for human cancers showing activation of HGF/SF-Met signaling. The inability of EGCG to inhibit the activating mutant of Met in the absence of HGF/SF is consistent with our observation that EGCG does not act on the cytoplasmic portion of Met ( Figure 3B) .
EGCG reportedly inhibits the activity of some growth factor receptors, including EGF receptor and its downstream kinases, AKT and ERK (Sah et al., 2004) , as well as bFGF receptor (Sartippour et al., 2002) and VEGF receptor (Rodriguez et al., 2006) . Sah et al. also found that EGCG directly inhibits the kinase activity of AKT and ERK in a cell-free system after EGF stimulation and suggested that EGCG could function at multiple sites to block signaling pathways (Sah et al., 2004) . Also, EGCG is reported to inhibit VEGF receptor signaling by disrupting the formation of a receptor complex (Rodriguez et al., 2006) . The underlying mechanism for the inhibitory activity of EGCG on HGF/SF-Met signaling is not clear yet. However, EGCG appears to have a 'dual' inhibitory mechanism, i.e., HGF/SFMet-specific down-regulation of tyrosine phosphorylation at lower doses and nonspecific protein downregulation at higher doses ( Figure 2) . As for the decrease in the amount of receptors in the presence of EGCG, EGCG has been reported to highly associate with lipid rafts on the plasma membrane, leading to down-regulation of IgE receptor in human basophilic KU812 cells (Fujimura et al., 2004) . Whether the decrease in the amount of both EGFR and Met proteins in our system stems from the association of EGCG with lipid rafts or not remains to be clarified.
We took advantage of InlB-induced Met phosphorylation and NGF-induced Trk-Met phosphorylation to dissect the action of EGCG on HGF/SFMet signaling. Interestingly, EGCG acts on the extracellular and/or transmembrane portion of Met receptor. We do not know the precise mode of action of EGCG: whether it inhibits ligand-receptor binding or induces a conformational change of the receptor after ligand binding. Since InlB binds to a different part of Met than HGF/SF (Shen et al., 2000) , our data showing that EGCG effectively inhibits both HGF/SF-and InlB-induced Met activation suggests the latter possibility.
In this report, EGCG blocked invasion and metastasis clearer than tumor formation in the subcutaneous inoculation model (Table 1) . HGF/SFMet signaling appears to be involved in the early stages of cancer development, including the initiation phase of carcinogenesis. However, some studies imply that HGF/SF is more involved in the later stage of cancer, i.e., its spread and progression, by directly and/or indirectly stimulating invasion and metastasis processes as well as angiogenesis (Jiang et al., 2005) . In line with the above implication, as shown in Figure 4 , the effect of HGF/SF on the extent of B16F10 cell invasion was quite prominent, whereas its effect on cell proliferation was minimal. These in vitro data might explain why treatment with EGCG effectively blocked tumor invasion and metastasis but not tumorigenesis itself in nude mouse.
Bigelow et al., also addressed whether EGCG affects HGF/SF-Met signaling. Using breast cancer cells, the authors showed the inhibitory activity of EGCG against HGF/SF-induced activation of Met as well as its downstream signals (Bigelow et al., 2006) . They also showed inhibitory activity of EGCG against HGF/SF-induced in vitro cell migration and invasion. The authors' data corroborate well with ours. Here, we additionally showed the effect of EGCG on HGF/SF-induced tumorigenesis and tumor progression in vivo. Furthermore, the effect of EGCG on different modes of activation of HGF/SFMet signaling, as well as the mechanistic insight that EGCG works on either an extracellular or transmembrane part of Met, were addressed here. Our data strengthen the possibility of using EGCG to treat human cancers associated with dysregulated HGF/SF-Met signaling in either a paracrine or an autocrine manner.
Methods
Cell lines
MDCK2, Chang liver, B16F10 murine melanoma cells were obtained from the American Type Culture Collection (ATCC) and cultured in DMEM (Gibco-BRL, Rockville, MD) supplemented with 10% (V/V) fetal bovine serum (FBS) (Gibco-BRL). None of these cells appeared to produce HGF when tested by scattering assay (data not shown).
Reagents, antibodies, and constructs
All reagents used were obtained from Sigma (Saint Louis, MO). Rabbit anti-human Met antibody (C28) and mouse anti-murine Met antibody (B2) were purchased from Santa Cruz (Santa Cruz, CA). Mouse anti-phosphotyrosine antibody (PY20) was purchased from Invitrogen (Carlsbad, CA). Mouse anti-EGFR antibody was from BD Sciences (San Jose, CA); rabbit anti-p44/42 MAPK antibody and anti-phospho p44/42 MAPK antibody were from Cell Signaling (Danver, MA). Recombinant human EGF was obtained from BD biosciences (San Jose, CA). Recombinant human HGF and neutralizing antibody for HGF were purchased from R&D systems (Minneapolis, MN). Recombinant InlB protein was purified as described (Shen et al., 2000) from E.coli transformed with InlB cDNA (kindly provided by Dr. Ireton, University of Toronto, Canada). Purity of the recombinant protein was checked by protein staining of SDS-PAGE gel, and revealed to be ＞ 90% (data not shown). Both Trk-Met vector (Sachs et al., 1996) and HGF expression vector which contains the human HGF cDNA in pMex vector were generous gifts from Dr. Vande Woude (Van Andel Institute, Grand Rapids, MI).
Transfection and screening
Transfection of HGF or Trk-Met construct and screening was performed as described previously (Baek et al., 2004) by using lipofectamine (Gibco-BRL). The transfected cells were cultured in DMEM/10% FBS supplemented with 800 μg/ml G-418 (Gibco-BRL) for two weeks. Expression of transfected cDNAs were verified by RT-PCR, and in case of HGF, by MDCK2 scattering assay.
Immunoprecipitation
Monolayers of cells were washed twice with ice-cold PBS, lysed in ice-cold RIPA buffer [10 mM sodium phosphate (pH7.2), 150 mM NaCl, 1% (V/V) Nonidet P-40, 0.1% (W/V) SDS supplemented with 10mM sodium fluoride, 5 mM sodium orthovanadate] with complete protease inhibitor cocktail (Boehringer Mannheim, Germany), and centrifuged (15 min, 4 o C, 14,000 g). After quantitation by using BCA protein assay reagent (Pierce, Rockford, IL), 400 μg of each lysate was pre-cleared with protein A/G-Sepharose and then incubated with anti-Met antibody (C28 or B2) and protein A/G-Sepharose for overnight at 4 o C with rotation. The samples were then washed three times with ice-cold RIPA buffer. SDS gel-loading buffer (containing reducing agent) was added to each sample. After boiling and centrifugation, the resulting supernatants were resolved by SDS/PAGE and examined by Western blotting.
Cell proliferation
Cells were plated at low density and cultivated in normal growth medium in the presence or absence of EGCG at different concentrations. Cell proliferation was evaluated at indicated times by cell counting.
Colorimetric assay for uPA activity uPA activity was measured as described (Webb et al., 2000) with slight modifications. Briefly, MDCK-2 cells were seeded at a density of 1500 cells/well of a 96-well microtiter plate and grown overnight in DMEM/10% FBS. Duplicate plates were made for the determination of plasmin activation and cell growth. Different concentrations of EGCG in DMEM/10% FBS media were added to the wells. Two h after EGCG administration, HGF (2.5 units/ml) was added to all wells (with the exception of wells used to calculate basal growth and plasmin activation). Twenty-four h after HGF addition, one of two duplicate plates was processed for the determination of plasmin activity by incubating at 37 o C, 5% CO2 for 3 h in 200 μl of reaction buffer [50% (v/v) 0.05 units/ml plasminogen (Roche, Germany) in DMEM (without phenol red), 40% (v/v) 50 mM Tris buffer (pH 8.2), and 10% (v/v) 3 mM Chromozyme PL (Roche, Germany) in 100 mM glycine solution] at each well. The absorbances were read on an automated spectrophotometric plate reader at a single wavelength of 405 nm. The determination of cell growth on a duplicate plate was performed by measuring SRB staining of cellular proteins as described (Webb et al., 2000) . Plasmin activation (A405 nm) was normalized for the amount of protein in each well.
Cell scattering assay
During the colorimetric assay for uPA activity, inhibition of the scattering induced by HGF/SF was assessed by microscopic observation. The degree of cell scattering inhibition was semiquantitatively scored by two independent researchers.
Scratch assay
B16F10 murine melanoma cells were seeded in a 24-well plate in normal growth medium. After 48 h, cells were scratched using a micropipette tip and EGCG was added at the indicated wells. Two hours later, HGF was treated to indicated wells. After additional incubation for 28 h, wells were observed under the light microscope.
Invasion assay
Cell invasion assays were performed using 24-well transwell units with 8-mm polycarbonate filters (Costar). Briefly, 2 × 10 4 cells (in 100 ml DMEM+1% BSA with or without EGCG) were plated onto the upper surface of the filter previously coated with Matrigel at a concentration of 20 mg/filter (BD Biosciences). The filter was then lowered into the lower compartment containing DMEM+1% BSA with or without recombinant human HGF/SF (50 units/ml) with the indicated concentration of EGCG. After 48 h of incubation at 37 o C/5% CO2, cells were fixed in methanol and stained with Diff-Quick staining solution (Dade, Aguada, Puerto Rico). Non-migratory cells on the upper filter surface were removed using a cotton swab, and the total number of cells on each filter was counted at × 200 magnification using a phase-contrast microscope accommodated with an ocular grid. Cell proliferation at the same condition was monitored to compensate the effect of the difference in cell proliferation during the assay.
In vivo tumorigenesis and metastasis assay
B16F10 melanoma cells were used in this assay since it was originated from C57BL/6 mice. B16F10 melanoma cells expressing HGF (C2 cells) were generated as described above. Two hundred and fifty thousand cells were inoculated subcutaneously into 8-week-old female syngenic C57BL/6 mice. The mice were divided into two groups and injected intraperitoneally 6 times a week for 2 weeks with EGCG (1 mg/head) or saline, respectively. The size of the tumor nodules was measured twice weekly. Two weeks after inoculation, mice were sacrificed, and the tumor was excised and measured by weight. At the same time, metastasis into different organs was assessed by simple observation, which is possible due to the production of melanin pigment by the cells.
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